Five Large White pigs of 62.2 • 1.4 kg mean body weight were fitted with permanent catheters in the portal vein and carotid artery and with an electromagnetic flow probe around the portal vein to study the absorption of volatile fatty acids (VFA) by measuring the concentration of these metabolites in hourly blood samples, and by determining the portal blood flow rate for a period of 12 h after intake of a single 800-g meal (6% crude fiber) preceded by 12 or 24 h of fasting. The portal concentration of VFA mixture always highly exceeded the arterial concentration. The arterial concentrations ofpropionic, butyric, valeric and isovaleric acids were nearly null, accounting for an almost complete uptake of these VFA by the liver. Acetic acid also was taken up, but to a lesser extent. Total VFA absorption during 12 h was 64% higher (P<.05) after 12 h (1,160 + 100 mmol/12 h) than after 24 h of preprandial fasting (740 ~ 83 mmol/12 h). It increased after the meal (P<.05) from 82.3 -+ 7.8 mmol/h between the first and fourth hour to 107.8 + 7.5 mmol/h between the fifth and tenth hour when the preprandial fasting lasted 12 h; a nonsignificant increase also was found when fasting prior to the meal lasted 24 h. The composition of the VFA mixture was not modified by the length of preprandial fasting. With this type of diet there was a large predominance of acetic acid (52%) followed by propionic and butyric acids (36 and 8.5%, respectively). In feeding conditions of two meals per day, the absorption of VFA in a 60-kg pig represented about 30% of the energy requirements for maintenance. After a single 800-g meal, the 12-h absorption of VFA ranged from 400 to 450 mmol, i.e., 120 to 140 kcal.
I ntroduction
The microflora is highly diversified in some segments of the digestive tract due to environmental conditions (pH, humidity, temperature) and nutrient transit time so that its hydrolytic action, together with that of the host enzymes, may initiate the development of organic acids (Etienne, 1969) and gasses (Levitt et al., 1974) . In some nonruminants (pig), this microbial development is initiated in the stomach where nutrii Appreciation is expressed to Kirsten R•at for her help in translating the manuscript into English, to J. Galld for preparation of graphs and to J. Brachet, F. Cointepas and J. Weber for care of experimental animals.
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3 Istituto di Alimentazione e Nutrizione Animale, Facolta di Medicina veterinaria, Via Celoria 10, 20133 Milano, Italy. Received April 3, 1986 . Accepted July 24, 1986 ents are stored for a rather long time, but it is more marked in the large bowel where the food transit rate is slower. The type of products formed by the microflora, mainly lactic acid in the stomach and volatile fatty acids (VFA)in the large intestine, has been well established (Etienne, 1969) , and the amounts formed (Imoto and Namioka, 1978; Kim et al., 1978; Kennelly et al., 1981) and absorbed (R~rat et al., 1985) determined, whereas only few data are available in nonruminants with regard to variations in the production and absorption of these products according to the mode of feeding (level and frequency), type of diet and species involved and their subsequent metabolic utilization (R~rat, 1978; Argenzio, 1982) . This study used the pig, a single stomach species with a large bowel, to assess the influence of preprandial fasting (12 or 24 h), i.e, the daily meal frequency (one vs two meals of 800 g each) on the amount of VFA appearing in the portal vein during a period of 12 h after the morning meal. 
Materials and Methods
Five castrated, growing male pigs of the Large White breed (62.2 -+ 1.4 kg mean body weight) were used. For 1 mo before the trial, they were fed a diet (800-g/meal twice daily at 0900 and 1700), the composition of which is given in table 1. The mean growth of the animals during this period was 600 g/d. Each animal was fitted with an electromagnetic flow probe around the portal vein for measuring the portal blood flow rate, and with two catheters, one placed in the portal vein and the other in the left brachiocephalic artery through the carotid route (Rrrat et al., 1980; Rerat and Vaugelade, 1983) .
The surgical procedure allowed painless samplings in conscious animals kept during their whole experimental life according to the guiding principles for care of laboratory animals. Before the operation, and until the end of the experiment, the animals were kept in restraining cages. They were given penicillin (1.2 million IU/d) and streptomycin (1 g/d) for 3.5 d after surgery. To prevent the catheters from obstruction, they were gently rinsed with heparinized saline every 2 d after the surgical operation. One week later, when the animals had recovered normal appetite and growth rate, they were subjected to sample collection for 1 d and, 1 wk later, again for 1 d. During each of these two experimental days they received an 800-g meal of the experimental diet. This meal was preceded by a fasting period of alternately 12 or 24 h for each animal. The treatment sequence was reversed from one animal to another.
Blood was sampled (5 ml twice from each catheter) at the beginning of the experimental meal and then every hour for 12 h. Amounts of VFA were measured by gas chromatography after sublimation (Pethick et al., 1981) . The portal blood flow rate was recorded directly q = (Cp -Ca) D (dt) tl Q=xq, to where q is the quantity (mmol) absorbed during the short time (dt; 5 min) during which the factors could be considered as constant, Cp is the portal concentration (in #tool/liter) of VFA (individual or sum), Ca the arterial concentration, D the blood flow rate (ml/min) in the portal vein and Q the quantity of VFA (mmol) that appeared during total or hourly periods of observation between time to and t 1 .
Coefficients defined by Hodgman (1959) were used for calculating metabolizable energy of the VFA mixture absorbed during the experimental period.
Results
Qualitative Aspects. At time 0, the portal concentration of total or individual VFA exceeded the arterial concentration (figures 1, 2, 3, 4), both concentrations being higher after 12 than after 24 h of fasting. Thus in the portal blood initial VFA concentration was 64% higher after 12 h of fasting (790 + 131 #tool/liter) than after 24 h (591 +-104 #mol/liter); in the arterial blood, it was 55% higher after 12 h (207 + 53 pmol/liter) than after 24 h of fasting (133 + 29 /amol/liter). The concentrations tended to increase, especially in the portal vein, when previous fasting lasted 12 h. Maximum values representing about 137% of the initial ones were obtained 5 to 11 h after the meal. When fasting lasted 24 h, a marked decrease was observed during the first 3 postprandial h followed by a rise (113% of the initial concentration and 161% of the minimum concentration) during the same period of time as after 12 h of fasting. In all cases, the concentrations of total and individual VFA were significantly higher in the portal than in the arterial blood at any moment after the meal and, on the average, for the whole period (table 2). The arterial concentration of acetic acid was always rather high, whereas that of the other VFA was very low or almost null. For the whole period of observation (n=l 3) the portal mean concentrations were higher (P<.O01) after a preprandial fasting of 12 h than that recorded after 24 h. This was also the case (P<.O01) for the arterial mean concentrations.
The differences in portal mean concentration were mainly related to the very strong rise observed between 5 and 10 h after the meal preceded by 12 h of fasting; it was during this period that the instantaneous portal concentration differences between the two treatments were the largest.
The composition of the VFA mixture was very different according to blood origin, either arterial or portal. The arterial blood contained about fourfold less VFA than the portal blood, and it was almost exclusively composed of acetic acid, while acetic acid represented two-thirds of the VFA in the portal blood (table 3) .
Quantitative Aspects. The average blood flow rate during 12 h after the meal was not significantly different, whether preprandial fasting lasted 12 or 24 h (2,199 -+ 32 ml/min and 2,335 + 60 ml/min, respectively).
During the postprandial observation period of 12 h (figure 5), total VFA absorption in the portal blood ranged from 740 + 83 to 1,160 + 100 mmol for 24 and 12 h, respectively, of preprandial fasting (P<.05). Absorption differences per time unit were always in favor of animals subjected to 12 h of preprandial fasting, but they were only significant at some periods after the meal (second and third; fifth to ninth hour). Whatever the treatment, the quantity absorbed per time unit tended to increase from the first hour toward a maximum 5 to 11 h after the meal (43% rise in the case of 12-h preprandial fasting; 39% in the case of 24-h fasting), the hourly increase was not significant. However, pooling of data corre- aFor the whole postprandial period (means calculated from each animal mean VFA distribution in the blood over 12 h; 13 sampling times, five animals per preprandial fasting length). sponding to the period immediately after the meal (0 to 4 h) and those collected from the fifth to the tenth hour show that there was a difference (P<.05) in the rate of mean hourly absorption of total VFA between these two periods (82.3 + 7.8 vs 107.8 + 7.5 retool/h) when the experimental meal was preceded by a fasting period of only 12 h. When the preprandial fasting lasted 24 h there was also an increase between the first period (50.4 + 7.5 mmol/h from 0 to 4 h) and the second period (60.1 + 9.4 mmol/h from 4 to 10 h), but it was not significant.
The largest fraction of total VFA absorbed in the portal vein (table 4) was composed of acetic and propionic acids (52 and 36%, respectively); the smallest was composed of valeric and isovaleric acids (1.5 and 2% respectively). Butyric acid represented about 8.5% of the absorbed mixture. These proportions were not modified by the length of fasting.
In terms of metabolizable energy,. VFA appearing in the portal vein during the postprandial period of 12 h corresponded to 358 kcal when preprandial fasting lasted 12 h, and 226 kcal when it lasted 24 h (table 5) . When extra- aFor the whole postprandial period (mean calculated from individual VFA amounts absorbed by each animal over 12 h, n = five animals). aMaintenance requirements: 102 kcal ME/kg body weight .7s (Kotarbinska, 1969) , i.e., for a 62-kg pig: 2254 kcal.
polating these values to 24 h, this supply represents between 32 and 20% of the maintenance requirements of a 60-kg pig.
Discussion
Measurements made by the present method did not involve total absorption, but only the net influx of VFA in the portal blood, as some nutrients coming from the intestinal lumen or from the arterial blood may be metabolized in the gastrointestinal wall. Thus, the recorded values correspond to absorption in excess relative to gut metabolism (R~rat et al., 1980) . The blood level of VFA determined in this study was similar to previous values (Rerat et al., 1985) . The porto-arterial differences were already large prior to the meal, because the production and absorption of VFA in the digestive tract are continuous processes for which it is impossible to define t o .
Production and absorption of VFA in the gut have been subjected to critical analyses (Rerat, 1978; Argenzio, 1982) . In vitro, the overall gastrointestinal production potential ranged from 60 to 250 mmol/h (Kim et al., 1978) . In vivo, the daily VFA production of animals receiving moderate amounts of cellulose (6%) was located between 900 and 2100 mmol (Imoto and Namioka, 1978; Kim et al., 1978; Kennelly et al., 1981) . Thus, the range of variation of these estimates was very wide, probably due to the different types of undigestible substrates subjected to fermentation. Because of fecal excretion and intestinal cell wall metabolism (Ly, 1974; Rerat et al., 1985) , production of VFA seemed to exceed their absorption, which was estimated to be 210 kcal/d (Imoto and Namioka, 1978) or 147 to 231 kcal/d (Kass et al., 1980a) for 40-to 89-kg pigs or 330 kcal/d for 30-kg pigs (Friend et al., 1964) . The quantities of VFA appearing in the portal vein during the present experiment were thus larger than those previously recorded. However, two facts should be emphasized: I) the concentration of VFA in the hindgut content is generally relatively constant for a given diet composition (Kass et al., 1980a) and 2) the volume of undigested material in the hindgut is proportional to feed intake, and thus to the size of the animal for a given diet composition (Kass et al., 1980b) . Thus, values obtained by multiplying data measured by Friend et al. (1964) in 30-kg animals (330 kcal) by a factor of 1.5 to 2 for 60-kg animals would be very close to our own results obtained with animals of the latter weight.
The decrease in VFA absorption when the preprandial fasting length changed from 12 to 24 h might be due to the fact that the amounts of fermentable substrates in the large intestine were less because they did not include the undigestible fraction of the evening meal (800 g) of the day before. In fact, it has been well established that the enzymatic digestion of starch is finished 12 to 18 h after the meal according to its volume and content (R~rat et al., 1984) . It is also well known that it takes 2 to 4 h before the first meal residues reach the iteo-caecal valve, and that the maximum passage of labeled residues in that part of the intestine occurs 6 to 9 h after intake of cereal meals (Keys and de Barthe, 1974) . Accordingly, a large proportion of the undigestible fraction of a meal ingested the day before at 2100 was certainly present 12 h later in the large bowel; it may therefore be assumed that almost the whole undigestible fraction of that meal was present in the large intestine during the 12 h of observation. These residues were mixed with those of several former meals because the transit time of digesta in the large intestine is estimated to be around 25 to 36 h for cerealbased diets (Keys and de Barthe, 1974) , and more currently 29 +-8 h (Hecker and Grovum, 1975) . On the basis of food transit data and chronologically regular meal intervals during 24 h prior to the experimental observation period (three meals/24 h for animals fasted 12 h before the trial; two meals/24 h for those subjected to 24 h of fasting), it may be deduced that the difference recorded over 12 h between the two groups, i.e., 420 mmol, represented the VFA absorption after ingestio n of a single 800-g meal. However, if it was evidenced that the fermentative potential of the large intestinal microflora is liable to change when no fresh substrate is supplied for some hours, this conclusion should be modulated.
The elevation of VFA production per time unit 5 h after the meal corresponded to the arrival of the first undigestible fractions of the experimental meal in the large intestine, as shown for fish meal (Darcy et al., 1983) and cereals (Keys and de Barthe, 1974) .
It is important to note again that there was a large hepatic uptake of propionic, butyric, isovaleric and valeric acids, as shown by the very low arterial blood levels in contrast to portal blood levels. There also was a slight uptake of acetic acid by the liver which can only be calculated by the establishment of hepatic balances based on the measurement of inputs and outputs (Simoes Nunes et al., 1984) .
In conclusion, during 12 h following ingestion of a single 800-g meal (6% cellulose) in the pig, a continuous absorption of VFA was observed in the gut; this absorption increased with increasing level of feed intake during a period of 24 h prior to the experimental observation period. The composition of the VFA mixture was not modified by the level of intake during this period; acetic acid was always the predominant VFA. The hepatic uptake was almost complete for all volatile fatty acids, with the exception of acetic acid, of which only a fraction, but a large one, was taken up.
In feeding conditions of two meals per day, the absorption of volatile fatty acids represented about 30% of the requirements for maintenance.
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